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Abstract 
In seismic areas, a majority of such old buildings have only been designed for gravity loads or 
RC structures. As some of these buildings are still functioning, they need to be reassessed 
against seismic demands. Load bearing behaviour of concrete structures reinforced with smooth 
rebars is considerably affected by the slip deformation of the plain rebars. In this study a 
specific finite element model has been proposed for evaluating the seismic performance of these 
structures. The slipping characteristics of the smooth rebar have been incorporated in this 
model. To this aim, a tailored stress-strain property has been assigned to the steel fibers in 
tension. The model has then been calibrated/verified against several sets of experimental results, 
from other. In general satisfactory correlations have been noticed between the experimental 
results and the predictions from the proposed fiber element model. The model has also been 
used for a full seismic assessment of an existing RC building, having smooth rebars. In addition, 
the structure has been retrofitted with steel bracing, viscose dampers and base isolators schemes 
and their nonlinear seismic performance have been evaluated using the proposed model.    
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1. Introductions 
extensively used in RC structures. A very large number of these existing constructions 
are in the seismic areas. Smooth reinforcements do not possess lugs or other surface 
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irregularities and therefore they exhibit poor bond performances resulting in mandatory 
anchoring end details to ensure the required level of interaction (Feldman and Barlet 
2005; Chan 1996). Those structure have been analysis with inaccurate methods and 
designed according to outdated seismic rules, resulting in low available ductility and 
lack of a strength hierarchy. Some of these structure are still functioning, and some of 
them are monuments buildings but with a majority lacking sufficient lateral strength and 
ductility and they need to be reassessed against seismic demands. Apparently, there do 
not exist generally accepted practices for assessment of available seismic bearing and/or 
displacement capacities of RC buildings reinforced with smooth rebars. Results from 
previous studies show that the load bearing behaviour of concrete structures reinforced 
with smooth rebars is considerably affected by the slip deformation of the smooth 
rebars. Also stiffness, strength, ductility and energy dissipation capacity of RC members 
with smooth rebars are significantly influenced by the bond slip (Yalcin et al., 2008; 
Ozcan et al., 2008; Verderamea et al., 2008). Hence, the seismic performance of RC 
structures with smooth reinforcements is quite different from a similar RC structure 
reinforced with deformed rebars. The difference is expected to become more 
pronounced under cyclic loadings. 
However, technical literature on the subject still seems to be non-comprehensive, 
mainly from the deformation standpoint. Thus an accurate method has been required to 
seismic evaluation and rehabilitation of R.C structure with smooth rebars.  
2. Literature Review 
Previous researches on the performance of RC structures with smooth rebars are 
mostly experimental studies, which can be divided into two categories. The first 
category deals with the characteristics of the bond between smooth rebars and concrete. 
Effects of the concrete compressive strength, rebar size, rebar shape, rebar surface 
conditions (whether corroded or not), hooking and its details, mechanical attachments 
and the concrete cover, on the pull-out behavior were studied (Feldman and Barlet 
2005; Chan 1996 ). The second category mainly focuses on monotonic and cyclic lateral 
loading tests on individual concrete members reinforced with smooth rebars. In these 
recent tests, the stiffness, strength and energy dissipation of the RC members were 
addressed (Yalcin et al., 2008; Ozcan et al., 2008; Verderamea et al., 2008). With some 
of these studies, certain mitigation measures for improving the RC member behavior, 
e.g. using carbon fiber reinforced polymers (CFRP), were investigated (Yalcin et al., 
2008; Ozcan et al., 2008). Yalcin, et. Al (2008) out an experimental study to examine 
the monotonic and cyclic behavior of RC columns with smooth reinforcements. The 
columns were designed according to absolute codes. The specimen was then subjected 
to lateral cyclic displacement excursions. They also investigated the use of carbon fiber 
reinforced polymers (CFRP) warping as a retrofitting method for none ductile 
reinforced concrete columns with smooth rebars. 
With theirs research, effect of unsatisfactory anchorage of longitudinal rebars and 
stirrups distance on the seismic behavior were studied. The test results showed that 
retrofitting with CFRP sheet was effective for column with continuous rebars. However, 
only a slight improvement in performance was obtained for the retrofitted with lap- 
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spliced column. When the column was retrofitted by welding of dowel rebars with 
longitudinal rebars near splicing regions and then wrapped with CFRP sheets, its 
strength, ductility and energy dissipation capacity improved significantly. In the case of 
continuous or lap  spliced reinforced columns, either retrofit or not, the continuous 
reinforced column showed about 10% more lateral capacity.  
Ozcan et al. (2008) has carried out an experimental study to evaluated the effect of 
fiber reinforced polymer (FRP) on the monotonic and cyclic behavior of RC columns 
with smooth reinforcements. The main parameters under investigation were the number 
of layers of CFRP wrap and presence and absence of the axial load on the column 
during strengthening. The primary objective of this experimental study is to investigate 
the effectiveness of CFRP wrapping on improving seismic performance of square RC 
columns having low concrete strength and smooth rebars with continuous longitudinal 
reinforcement and inadequate transverse reinforcement. From test results It was found 
that upon CFRP retrofit, deficient columns were able to withstand larger deformation 
demands without strength degradation. The number of CFRP sheets used to confine 
plastic hinge regions of columns significantly improved the seismic behavior of the 
deficient columns although negligible lateral load carrying capacity enhancement was 
observed(10% 15%). Increasing number of CFRP layers wrapped around the column 
improved drift capacities but that was not in proportion with the CFRP confinement. 
Wrapping the column critical region under an axial load level of about 35% of capacity 
did not have a considerable influence on the behavior of the columns. 
3. Analytical Model of Reinforced Concrete Structure  
3.1. Introduction 
In this study a modified fiber element model has been used for evaluating the 
seismic performance of an existing RC building, in Iran, having smooth rebars. Fiber 
element modeling has already been employed to simulate the load bearing behavior of 
RC members, composite structures , and embedded piles (Spacone et al., 1966; 
Asgarian et al., 2006) 
It is assumed that the cross section of a structural member can be divided into a mesh of 
cells. The cells may vary in size. Different material properties can be assigned to each 
cell to define the hysteretic stress-strain response for the cell. The section remains plane 
throughout the modeling and the nonlinear response of the section is directly derived 
from nonlinear constitutive laws for different (concrete or steel) fibers.A structural 
member, e.g., a beam or a column, could be divided into a number of longitudinal 
segments of finite length and uniform fiber cross section (Fig. 1). The section response 
is obtained by the integration of stresses and strains of the fibers across the section. This 
basic model permits the balancing of the concurrent external axial forces and biaxial 
moments with the internal section forces. The internal section forces are calculated as 
discrete integrals of stress multiplied by cell area over the section. The beam or column 
response is then obtained through weighted integration of section responses. 
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3.2. Fiber element model with bond slip 
The cross section of a reinforced concrete member may be divided into i) core 
concrete, ii) cover concrete and iii) steel fibers (Figure 1). An appropriate stress-strain 
relationship must be assigned to each fiber element. With a RC member, a degree of 
bond slip may occur between the reinforcement and its surrounding concrete. This 
becomes more significant with smooth rebars. Monti and Spacone (2000) assumed that 
the overall strain in a deformed rebar comprises of the strain from elongation in the base 
metal and strain from bond slip (Figure 2): 
asa
u
ip
Lsas
1          (1) 
 
Figure 1. Beam element in the local reference system: subdivision of cross section in to fibers  
(Spacone et al. 1966) 
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Figure 2. Axial strains in a RC concrete segment subject to pure axial tensile loads: i) with perfect bond; 
ii) with partial bond(Monti and Spacone 2000) 
In this equation s, a, s+a , Lip and Ua are strain in the steel rebar, strain from the 
bond slip, overall strain, the length of the RC slice and the total bond slip over the slice 
length respectively (Figure 2). In the current study, in an approach similar to that used 
by Monti and Spacone (2008) for deformed rebars, the total strain in the steel 
reinforcements has been assumed to comprise the bond slip strain for a smooth rebar 
and the longitudinal strain in the steel material. The bond slip for a smooth rebar has 
been obtained from what was proposed by Ozcan, et al (2008). They proposed  that: 
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In Equation (2),ua is the total slip , s and y are the strain and yield strain of the steel 
reinforcement, respectively, and fs and fy are the corresponding steel stress , db is the 
rebar diameter and u is bond strength between rebars and concrete which is in turn a 
function of compressive strength of concrete. From Equation (1), the overall strain 
as
for a smooth rebar with partial bond will be equal to the strain in the steel rebar 
s
plus 
the strain from the bond slip, 
a
u
ip
L
1 . The slip elongation 
a
u is taken from Equation (2). 
The slice length 
ip
L is determined through calibration of the fiber element model 
proposed with the test results. In the current study, the bond slip has been incorporated 
into the stress-strain characteristics of the steel fibers. Subsequently, a perfect bond has 
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been assumed between the steel and the concrete fibers. For this, the strain, 
s
, in the 
original
s
f
s
curve for the steel materials, has been replaced by 
as
. The result is a 
new, and softer, stress-strain behavior for the steel material (Figure3). It should be 
mentioned that this modification has only been considered for positive strains. It means 
that when a smooth reinforcement fiber is in compression, it will experience no change 
in its original material properties. With a beam-column RC member, the modifications 
discussed above are introduced only to the two fixed end segments. For remaining 
segments along the member, there will be no change in the original stress-strain curve 
for the steel material. In other words, a no slippage condition has been considered for 
the remaining segments. As mentioned earlier, the length of the end segments with 
partial slippage 
ip
L has been obtained from the calibration of the model proposed with 
test results. With the numerical model, bond slip for the smooth reinforcements has 
been introduced into the constitutive stress-strain relationship of steel fibers at the end 
segments of the member. For this, the total bond slip, ua, calculated from Equation (2), 
has been divided by the length of the end segment that are equal to small dimension of 
cross section of member, to obtain the bond slip strains. The bond slip strains have then 
been incorporated into the original stress-strain data for the rebars to produce a new 
stress-strain curve. These new properties have only been introduced into the steel fibers 
at the end segment of the member. 
 
Figure 3. A typical modified constitutive stress-strain curve of the smooth rebars, which will account for 
the bond slip. 
3.3. Materials constitutive model 
3.3.1. Materials constitutive model under monotonic loading 
In the current study, the stress-strain constitutive relationships of the core and cover 
concrete fibers have been derived from Mander, et al, (1988) model. The stress-strain 
constitutive relationship for steel has been obtained from mechanical test reports. With 
the numerical model, bond slip for the smooth reinforcements has been introduced into 
the constitutive stress-strain relationship of steel fibers at the end segments of the 
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member. For this, the total bond slip, ua, calculated from Eqn. 2, has been divided by 
the length of the end segment to obtain the bond slip strains. For remaining segments 
along the member, there will be no change in the original stress-strain curve for the steel 
material. Fig. 3 showed a new, and softer, stress-strain behavior for the steel material. 
3.3.2. Materials constitutive model under cyclic loading 
It should be mentioned that in this current study the proposed modified fiber 
element model (with some change in still fibers) has been incorporated into a 
commercially available three-dimensional (3D) finite element program (Powell, 2000) 
to simulate the seismic response of RC structures with smooth rebars. This program 
include different nonlinear models for structural members and  is one of suitable 
programs for seismic evaluation of structures. With this program, for materials that 
exhibit a pronounced hysteresis under cyclic loadings, a stiffness degradation model is 
usually defined to account for the energy dissipated in a hysteresis loop. To this aim an 
energy degradation factor has been defined, which itself depends on the strain state. 
This scalar factor is used to trim down the areas under the hysteresis loop and to 
readjust the stiffness of the unloading and reloading paths. The energy degradation 
factor for each loop is defined as follows: 
maxmin )1()( ewewe    (3) 
where e is the energy degradation factor for each loop, w is a weighting factor (equal to 
0.5), emin and emax are defined as follows 
i)    For the current state of material, the maximum positive and negative strains 
are derived, which are the maximum strains up to the current point in the 
analysis; 
ii)   The positive and negative energy degradation factors at these strains will be, 
respectively, epos and eneg 
iii)  The smaller of these values (more degradation) will be emin and the larger 
(less degradation) emax . 
the energy degradation factors for deformed bars, cover and core concretes materials 
have been proposed by Khan Mohamadi [12] which are respectively, from Equations 
(4)  (6): 
6385.0)(ln224.0e   (4) 
1573.0)(ln129.0e   (5) 
2787.0)(ln1199.0e   (6) 
where  is the strain in the material. As mentioned earlier, in this research, the bond slip 
is only considered for two end segments in each structural RC member and other 
(intermediate) segments along the member, a no bond slip condition is assumed. 
Equations. 6 is used to define the energy degradation factor for the steel fibers in 
intermediate segments. For the steel fibers in end segments (with bond slip), the energy 
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degradation factor has been obtained from the calibration of the numerical model 
against experimental results for cyclic loading of RC specimens with smooth rebars 
(Equations. 7). 
4. Calibration/Verification of the Numerical Model 
In this reserch, for the calibration/verification of the proposed numerical model, 
experimental data from other reserchers who performed loading tests on individual RC 
members with smooth reinforcements, have been used. 
For the calibration of the proposed modified fiber element, test data from specimens 
M540 and C540 which have been tested by Verderame et al (2008). have been used.The 
mechanical properties of different fibers in the numerical model corresponded to 
material properties reported in the test program. The stress-strain relationships for 
concrete and steel materials have been introduced into the numerical model as multi 
linear curves. The effect of lateral reinforcing has been considered in the stress-strain 
properties of the core concrete. Force base lateral displacement and energy dissipated 
of specimens under monotonic and cyclic loading has been considered for the 
calibration of the modified fiber element model proposed in the current study. As 
mentioned earlier, the bond slip of the smooth reinforcements has been introduced into 
the constitutive stress-strain relationship of steel fibers. For this, the total bond slip, s, 
has been divided by the length of the end segment to obtain the bond slip strains. The 
bond slip strains have then been incorporated into the original stress-strain data for the 
rebars to produce a new stress-strain curve of steel fiber of the end segments. The 
monotonic test results of M540 from Verderame et al (2008). have been used to 
calibrate the length of the end segment. It was found that when the length of the end 
segment was close to the dimension of the cross section, the numerical model was 
showing an acceptable correspondence with the test results. Other factor that has been 
calibrated against experimental results, was the energy dissipated factor for steel fibers 
(with bond slip) in the end segments. Following a trial and error method, the energy 
degradation factor has been changed so that the energy dissipated from the simulation in 
each loading cycle become closer to the test results of C540 specimen from Verderame 
et al. (2008) 
Based on these calibration attempts, a trendline relationship Equations.7 has been 
derived that has been defined in the section 3-2. After calibration, the numerical model 
must be verify against a different set of monotonic and cyclic test data. test data from 
NL-0-34 specimen from Ozcan et al (2008). and M270 and C570 specimens from 
Verderame et al (2008). has been used  for validation of the numerical model. Force 
base  lateral displacement and energy dissipated under monotonic and cyclic loading 
are parameters that has been considered for calibration of analytical model.  
a. Validation of the numerical model under monotonic loading 
Figs. 4 and 5 show the numerical and experimental force-displacement responses 
under monotonic loading for the M270 specimen from the Verderame et al (2008). tests 
and the SN-L-0-34 specimen from the Ozcan et al. tests, respectively. These figures 
demonstra tea reasonable level of agreement between the predictions from the modified 
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fiber element model proposed in the current study and the experimental results under 
monotonic loading conditions 
b. Validation of the numerical model under cyclic loading 
Figure 6 compare the numerical and experimental results from the C540 specimen 
tested by Verderame et al (2008). under cyclic loading .This figure show that the 
predictions from the fiber element model have acceptable correlations with the 
experimental results. 
c. Energy dissipated under cyclic loading 
Figure7shows the energy dissipated in each cycle of loading for the C270 specimen 
tested by Verderame et al. with the numerical predictions. Once again, under cyclic 
loading, a good agreement between the numerical and experimental findings might be 
judged. 
As reported in the previous sections, the main parameters of analytical model of RC 
members with smooth rebars have been obtained through the calibration attempts. The 
length of the end segment in the model, which has fibers with bond slip properties, and 
a relationship for the energy degradation factor (for the steel fibers with bond slip) have 
been obtained through the calibration attempts. There is a reasonable level of 
agreement, under both monotonic and cycling loading conditions, between the 
numerical and experimental results. 
 
Figure 4. Force-displacement curve of the M270 specimen tested by Verderame et al (2008). and the fiber 
element model with smooth and deformed bars. 
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Figure 5. Force-displacement curves from the S-NL-0-34 specimen (Ozcan, et al (2008) and the fiber 
element model with smooth and deformed bars. 
 
Figure 6. Cyclic loading results from the C540 specimen (Verderame et al.2008) and from the 
corresponding numerical model. 
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Figure7. Energy dissipation/cycle for the C270 specimen (Verderame et al.2008) and the fiber element 
model with smooth and deformed bars.. 
5. Seismic Assessment of an RC Building with Smooth Rebars 
The considered structure is an existing important traditional RC building constructed 
in the 1960s in Iran. The building selected is a five -story RC building that has been 
design 50 years ago. moment resisting frames of structure have been reinforced with 
smooth rebars and do not possess necessary ductility to dissipate seismic energy during 
a major earthquake. The proposed modified fiber element model that incorporated into a 
commercially available three-dimensional (3D) finite element program (Powell, 2000), 
has then been used to model the structure. Seismic performance of structure has then 
been evaluated according to FEMA356 for life safety structural performance level under 
earthquake hazard level 1 correspond to motion that is expected to occur, on average, 
about once every 500 years. The structure has been analyzed against both dynamic and 
static incremental pushover loads under different lateral load patern. A suite of seven 
earthquake records (Table 1) from the "Seismotectonics and Seismic Hazard Analysis" 
report for the building has been used for the dynamic analysis. Figure 8 shows the base 
shear versus roof displacement of structure in lateral direction under pushover loads 
with uniform distribution and ideal bilinear curve for estimation of target displacement. 
Fig. 9 gives the inter-story drifts under pushover loads with uniform distribution. Figure 
10 show the time history of roof displacement under accelerogram from Cape 
Mendocino earthquake. In this figure, it can be seen that the roof displacement under 
dynamic analysis is more than the pushover analysis. Figure 11 gives the inter-story 
drifts under dynamic analysis with accelerogram from Cape Mendocino earthquake. 
From Figs. 9,11 and can be seen that seismic performance of structure under dynamic 
and pushover analysis are alike. But the inter-story drifts under dynamic analysis are 
more than the pushover analysis. Result of seismic evaluation of structure showed that 
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ble 
performance under lateral load, thus the structure need to be retrofitted against lateral 
load. the structure has been retrofitted with three schemes steel bracing, viscose 
dampers and base isolators schemes and their nonlinear seismic performance have been 
evaluated using the proposed fiber element model.  
Table 1. Suite of seven ground motion records used for the time domain nonlinear analysis of the building 
(KNTU 2008) 
No Record Date Location 
HP 
(Hz) LP 
Soil 
Type PGA (g) 
Duration 
(s) 
1 G06000_AT2 10/18/1989 Cape Mendocino  0.2 0.38 B 0.125703 20 
2 G06090_AT2 10/18/1989 Loma Prieta 0.2 0.31 B 0.17024 15 
3 CHY022-E_AT2 9/20/1999 Chi-Chi 0 40 B 0.06505 60 
4 G06320_AT2 8/6/1979 Coyote Lake  0.2 40 B 0.316093 10 
5 SKR180_AT2 11/12/1999 Duzce 0.05 40 B 0.015981 40 
6 L00 12/23/2003 Bam     B 0.759074 12.5 
7 T90 1979 Tabas     B 0.937 25 
 
 
Figure 8. force base- roof displacement of initial structure under pushover analysis with uniform load 
pattern 
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Figure 9. story drifts of initial structure under pushover analysis with uniform load pattern. 
 
Figure 10. Time histories of roof displacement from initial structure under nonlinear dynamic analysis 
with accelerogram from Cape Mendocino earthquake. 
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Figure 11. story drifts of initial structure under nonlinear dynamic analysis with accelerogram from Cape 
Mendocino earthquake. 
6. Results of Seismic Evaluation of Retrofitted Structures 
As mentioned earlier Nonlinear time  histories analysis with the finite element 
program (Perform 3D) has been used to seismic evaluation of retrofitted structure. Figs 
12-14 showed the roof displacement of initial and retrofitted structure with 
accelerogram from Cape Mendocino earthquake. Figs 15 and 16 show the maximum 
inter-story drift ratio and fig 17 and 18 show the whole displacement story of initial and 
retrofitted structure.  
In those figures, it can be seen that the base isolators are less effective than braces 
and dampers on seismic performance of structure. High gravity load led to increase 
axial load of column and dimension of base isolator that are proportionate with axial 
load column. Thus lateral stiffness and strength of base isolators has been increased. 
 
Also because of high damping capacity, viscose dampers are more effective than 
steel bracing on seismic behaviour of structure in nonlinear dynamic analysis. With this 
scheme retrofitting, a large value of external energy in dynamic analysis has been 
dissipated with viscose dampers. Also with this scheme retrofitting, the number of 
bracing bay is less than other retrofitting schemes, thus stiffness and base shear of 
structure is lower than the other. Thus, the internal force of braces, columns and 
foundations will be decreased.  Figure 17 showed the energy dissipated with structural 
members in initial and retrofitted structures. in figs 17 it can be seen that the energy 
dissipated with steel braces are les than the energy dissipated with base isolators. Also 
energy dissipated in structure retrofitted with viscose dampers, is about 43% of the 
structure retrofitted with steel braces. Thus, for seismic retrofitting of RC building 
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reinforced with smooth rebars, because the lacking sufficient ductility, viscose dampers 
are more effective than the others schemes retrofitting.  
 
Figure 12. Time histories of roof displacement from retrofitted structure with brace under nonlinear 
dynamic analysis with accelerogram  from Cape Mendocino earthquake. 
 
Figure 13. Time histories of roof displacement from retrofitted structure with viscose damper under 
nonlinear dynamic analysis with accelerogram  from Cape Mendocino earthquake. 
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Figure 14. Time histories of roof displacement from retrofitted structure with base isolator under 
nonlinear dynamic analysis with accelerogram Cape Mendocino bam earthquake. 
 
Figure 15. Story drifts of retrofitted structure under nonlinear dynamic analysis with accelerogram from 
Cape Mendocino earthquake 
-40
-30
-20
-10
0
10
20
0 10 20 30 40 50
Time (s)
R
oo
f d
is
pl
ac
em
en
t (
cm
Retrofitted with base isolator
Initial structure
0
5
10
15
20
25
6.00 4.00 2.00 0.00 2.00 4.00
interstory drifts (%)
H
ei
gh
t (
m
)
Retrofitted with brace
Retrofitted with viscose
damper
Retrofitted with base
isolator
Initial structure
204   M. Zeinoddini and A. Dabiri /  Procedia Engineering  54 ( 2013 )  188 – 206 
 
Figure 16. Story displacement of retrofitted structure under nonlinear dynamic analysis with accelerogram 
from Cape Mendocino earthquake. 
 
Figure17. energy dissipated with structural members under nonlinear dynamic analysis with accelerogram 
from Cape Mendocino earthquake. 
7. Conclusions 
The current study deals with the seismic assessment and retrofitting of RC structures 
with smooth rebars. For this, a modified fiber element model has been proposed to 
incorporate the bond slip characteristics of the smooth rebars in an analytical modeling 
setup. The cross section of a structural RC member is then modeled by fiber elements 
and this new but softer stress-strain constitutive model is introduced to the steel fibers in 
two end segments in all beam-column RC members. For remaining segments along the 
member, there will be no change in the original stress-strain curve for the steel material. 
The length of the end segment in the model, which has fibers with bond slip properties, 
and a relationship for the energy degradation factor (for the steel fibers with bond slip) 
have been obtained through the calibration attempts. The calibrated model has then 
been examined against other sets of experimental results. There is a reasonable level of 
agreement, under both monotonic and cycling loading conditions, between the 
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numerical and experimental results. Calibration and verification results showed that. 
The length of the end segments was close to the dimension of the cross section. It 
should be mentioned that this modification has only been considered for positive 
strains. The proposed modified fiber element model has been used for the seismic 
assessment of an existing reinforced concrete building with smooth rebars. Because of 
high degradation of stiffness and strength in Rc structures with smooth rebars, internal 
force and deformations in nonlinear dynamic analysis is more than the nonlinear static 
analysis. the structure has been retrofitted with steel bracing, viscose dampers and base 
isolators schemes and their nonlinear seismic performance have been evaluated using 
the proposed model. High gravity load led to increase axial load of column and 
dimension of base isolator that are proportionate with axial load column. so lateral 
stiffness and strength of base isolators has been increased. Thus structural stiffness and 
tly. Also it can be found that steel bracing and 
viscose dampers are more effective on seismic response of those structures. Also 
because of high damping capacity, viscose dampers are more effective  on seismic 
performance of structure than steel bracing. With this scheme retrofitting, large value of 
external energy in dynamic analysis has been dissipated with viscose dampers. thus, the 
number of bracing bay is less than steel bracing schemes. So stiffness and base shear of 
structure is lower than the other and the Internal force of braces, columns and 
foundations will be decreased. Seismic evaluation of retrofitted structures showed that 
for seismic retrofitting of RC building reinforced with smooth rebars, because the 
lacking sufficient ductility, viscose dampers are more effective than the others schemes 
retrofitting. 
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